Antibiotic restriction can be useful in maintaining bacterial susceptibility. The objective of this study was verify if restriction of cefepime, the most frequently used cephalosporin in our neonatal intensive care unit (NICU), would ameliorate broad-spectrum susceptibility of Gram-negative isolates. Nine hundred and ninety-five premature and term newborns were divided into 3 cohorts, according to the prevalence of cefepime use in the unit: Group 1 (n=396) comprised patients admitted from January 2002 to December 2003, period in which cefepime was the most used broad-spectrum antibiotic. Patients in Group 2 (n=349) were admitted when piperacillin/tazobactam replaced cefepime (January to December 2004) and in Group 3 (n=250) when cefepime was reintroduced (January to September 2005). Meropenem was the alternative third-line antibiotic for all groups. Multiresistance was defined as resistance to 2 or more unrelated antibiotics, including necessarily a third or fourth generation cephalosporin, piperacillin/tazobactam or meropenem. Statistics involved Kruskal-Wallis, Mann-Whitney and logrank tests, Kaplan-Meier analysis. Groups were comparable in length of stay, time of mechanical ventilation, gestational age and birth weight. Ninety-eight Gram-negative isolates were analyzed. Patients were more likely to remain free of multiresistant isolates by Kaplan-Meier analysis in Group 2 when compared to Group 1 (p=0.017) and Group 3 (p=0.003). There was also a significant difference in meropenem resistance rates. Cefepime has a greater propensity to select multiresistant Gram-negative pathogens than piperacillin/tazobactam and should not be used extensively in neonatal intensive care.
Although many Gram-negative bacteria can naturally produce enzymes that destroy β-lactam antibiotics (β-lactamases), bacterial resistance can be considered, at most, a biological response to selective pressure. The widespread use of expanded spectrum β-lactam antibiotics (like thirdgeneration cephalosporins) for treatment of nosocomial infections has led to emergence of β-lactamases, capable to efficiently hydrolyse these compounds (the so called extended spectrum β-lactamases, ESBLs) [1] . In neonatal intensive care units, infection by multidrug-resistant Gramnegative microorganisms is a threat for survival of premature and term newborns, since the therapeutic choices are limited for this group of patients and susceptibility of isolates in neonatal septicemia to the most commonly used antibiotics is decreasing around the world [2] [3] [4] . Measures of control, like correct training of the health team and standard contact precautions have been only partially successful on diminishing the emergence of multiresistant pathogens [5] . Since emergence of resistance is a characteristic of the evolution of bacteria, it has been claimed as unavoidable, however, its dissemination can be delayed [6] . As resistance is related to selective pressure exerted by the use of antimicrobial agents, withdrawal of this pressure can theoretically revert specific resistance. Intensive antibiotic control has been demonstrated to be associated to higher prevalence of bacterial susceptibility, which decreases when control is relaxed [7] .
Cefepime, proposed to be more stable to β-lactamase hydrolysis [8] , has been used in our neonatal intensive care unit since 2001. In January 2002 we started a surveillance program for prevention and control of infection by multiresistant bacteria. At the end of 2003, with ominous third and fourth-generation cephalosporins and imipenem/ meropenem resistance rates among Gram-negative bacteria, we decided to suppress use of cefepime for 1 year, in order to observe if this measure would reduce the risk of isolation of multiresistant Gram-negative bacteria.
Materials and Methods
This study was performed in the 15 Clinical data prospectively collected at NICU discharge for our surveillance program included demographics, number of days in the unit, days in mechanical ventilation and parenteral nutrition, and use of central venous catheters. Differences among groups, concerning these data and days of use of antibiotics, were analyzed with Kruskal-Wallis test, followed by the Mann-Whitney U test, considering groups as independent and unpaired samples. Kaplan-Meier analysis and logrank tests were performed, considering "survival" as remaining free of multiresistant Gram-negative isolates, by cohort, during the period of hospitalization in NICU [9, 10] . A p value of < 0.05 was considered as significant.
Antibiotic susceptibility testing was made by standard disk diffusion and interpretation of MICs (minimal inhibition concentrations) was performed as recommended by the National Committee for Clinical Laboratory Standards [11] . Multiresistance was defined as resistance to two unrelated antibiotics, including necessarily a third or fourth generation cephalosporin, or piperacillin/tazobactam, or meropenem. The standard measures for infection control (like use of gloves and gowns, washing hands, etc.) were the same during the period of study.
Results
No differences were observed for invasive mechanical ventilation, days of parenteral nutrition, length of stay in intensive care, gestational age or birth weight. Cefepime was the most frequently used second-line antimicrobial agent in Groups 1 and 3, and piperacillin/tazobactam in Group 2. There was no significant difference in meropenem use for the three groups (Table 1) .
A total of 98 Gram-negative isolates were considered suitable for analysis (Table 2) , after excluding multiple isolates for the same patient. Klebsiella pneumoniae and Pseudomonas aeruginosa were the pathogens most frequently isolated. The number of Gram-negative isolates was similar among groups (p=0.29), and the same was observed for Gram-positive (p=0.54) and Candida species (p=0.93). Isolation of multiresistant Gram-negative pathogens was lower in Group 2, in which cefepime was not the secondline antimicrobial agent used for suspected or confirmed Gram-negative infection in comparison to Group 1 (p logrank test=0.017) and Group 3 (p=0.003). Resistance rates were similar between Groups 1 and 3 (p=0.33). Figure 1 shows the Kaplan-Meier curves for the probabilities of remaining free of multiresistant isolates, clearly similar between Groups 1 and 3. Patients in Group 2 were more likely to remain free of these isolates during NICU hospitalization.
Among multiresistant isolates in Group 1, 8(73%) were resistant to ceftazidime, 2(18%) were resistant to cefepime and 2 (18%) to piperacillin/tazobactam. For the 2 multiresistant isolates in Group 2, both were resistant to ceftazidime, and 1 resistant to piperacillin/tazobactam. In Group 3, 8 (80%) were resistant to ceftazidime, 4 (40%) were resistant to cefepime and 4 (40%) to piperacillin/tazobactam. There were 5 meropenem-resistant isolates among Gram-negatives in Group 1, 3 in Group 3, and none in Group 2 (p=0.04).
Discussion
Since the first description of a plasmid-mediated β-lactamase in 1965, in a strain of E. coli from a patient in Greece, more than 180 types have been described, some of them with greater activity against extended-spectrum β-lactam antibiotics [1] . The carbapenemases, active against carbapenems, are particular worrisome, since these antibiotics frequently are the last safe and reliable alternative for multidrug-resistant Gram-negative bacteria. Exposure to broad-spectrum cephalosporin has been demonstrated to be a strong predictor for the emergence of resistant Enterobacter [12] , and a risk for isolation of Klebsiella pneumoniae resistant to broad-spectrum cephalosporins and carbapenems (odds ratio 4.1) [13] . The mechanism of resistance is increased β-lactamase production [14] . Mutants that produce β-lactamase copiously may be selected during cephalosporin or ureidopenicillin therapy [15] . It has been said that cefepime has lower propensity to select resistant mutants when compared to other cephalosporins, but it has also been demonstrated that it easily selects resistant strains of Enterobacter cloacae in vitro [16] . Our findings suggest that piperacillin/tazobactam provides a less intense selective pressure for resistant strains than cefepime does.
Intensive care environment can be considered as an ecological unit, with a fragile equilibrium between microbes and the hosts they colonize. The emergence of multidrugresistance is like an ecological disaster, and "ecological' measures (like reducing the selective pressure of some antibiotics on the whole population of patients) can be an interesting approach. The study of Bradley et al.
Cefepime Restriction Figure 1 . Kaplan-Meier analysis shows higher probabilities (vertical axis) of remaining free of multiresistant isolates in Group 2. Horizontal axis displays the days of hospitalization in NICU. [17] . This occurred probably because of ecological effects on the gut flora, also exposed and which is a reservoir of opportunist agents [18, 19] . Another report by Rahal and co-workers showed that restriction of ceftazidime or all third-generation cephalosporins has resulted in hospitalwide reduction in cephalosporin-resistant Klebsiella infection and colonization, and overall reduction in multiresistant pathogens within 1 year [20] . These authors remark that dissemination of resistance genes by plasmids or transposon transfer leads to policlonal populations of resistant pathogens, and antibiotic class restriction alone is not able to eliminate plasmid-mediated resistance, playing a complementary role. This kind of restriction/reintroduction study was not available for cefepime. Our study demonstrates that the extensive use of this antibiotic was related to higher rates of resistance to broad-spectrum cephalosporins and meropenem. Although the small number of isolates, there was a clear rise in the resistance rates after cefepime reintroduction in the unit. We think that cefepime is invaluable and life-saving for the treatment of severe infections, but should not be used extensively in neonatal intensive care context.
